Abstract-In this paper, we present a task allocation model for search and rescue persons with disabilities in case of disaster. The multi agent-based simulation model is used to simulate the rescue process. Volunteers and disabled persons are modeled as agents, which each have their own attributes and behaviors. The task of volunteers is to help disabled persons in emergency situations. This task allocation problem is solved by using combinatorial auction mechanism to decide which volunteers should help which disabled persons. The disaster space, road network, and rescue process are also described in detail. The RoboCup Rescue simulation platform is used to present proposed model with different scenarios.
I. INTRODUCTION
Persons with disabilities suffer a much higher risk in the case of disasters than persons without disabilities. The data of recent disasters i.e. Tsunami, Katrina and earthquake shows that the mortality of disabled people during the disaster were very high (Ashok Hans, 2009). The reason for this is because many handicapped people may face physical barriers or difficulties of communication that they are not able to respond effectively to crisis situations. They were not able to evacuate by themselves. Obviously, disabled people need assistances to evacuate.
While in the past, persons with disabilities were not taken in consideration during the planning and mitigation of disaster management, in more recent years, this group of population has been realized as a prior target to help in emergency situations. It is important to learn the needs of persons with disabilities and the various forms of disabilities in order to help them effectively and minimize the mortality. The rescue process for persons with disabilities is a dynamic process under uncertainty and emergency, therefore it is not easy to predict what will happen in the rescue process. In that case, the computer simulation can be used to simulate the rescue process with various scenarios in the disaster area.
Most computer based simulation evacuation models are based on flow model, cellular automata model, and multiagent-based model. Flow based model lacks interaction between evacuees and human behavior in crisis. Cellular automata model is arranged on a rigid grid, and interact with one another by certain rules [1] . A multi agent-based model is composed of individual units, situated in an explicit space, and provided with their own attributes and rules [2] . This model is particularly suitable for modeling human behaviors, as human characteristics can be presented as agent behaviors. Therefore, the multi agent-based model is widely used for evacuation simulation [1] [2] [3] [4] .
Recently, Geographic Information Systems (GIS) is also integrated with multi-agent-based model for emergency simulation. GIS can be used to solve complex planning and decision making problems [5] [6] [7] . In this study, GIS is used to present road network with attributes to indicate the road conditions.
We develop a task allocation model for search and rescue persons with disabilities and simulate the rescue process to capture the phenomena and complexities during evacuations. The task allocation problem is presented by decision of volunteers to choose which victims should be helped in order to give first-aid and transportation with the least delay to the shelter. The decision making is based on several criteria such as health condition of the victims, location of the victims and location of volunteers.
The rest of the paper is organized as follows. Section 2 reviews related works. Section 3 describes the proposed rescue model and the task allocation model. Section 4 provides the experimental results of different evacuation scenarios. Finally, section 5 summarizes the work of this paper.
II. RELATED WORKS
There is considerable research in emergency simulation by using GIS multi-agent-based models. Through the view of this background, this study will focus mainly on task allocation for volunteers to help disabled persons. With effective task allocation method, it can improve the rescue process. By considering the number of volunteers, number of disabled persons and traffic condition as changing parameters, we also draw the correlations between these parameters and rescue time.
III. RESCUE AND TASK ALLOCATION MODEL

A. Rescue Simulation Model
The ability to receive critical information about an emergency, how to respond to an emergency, and where to go to receive assistance are crucial components of an evacuation plan. In practical evacuation process, we assume that after the warning is issued; all disabled persons send information to the emergency center via a special device. This device measures the condition of the disabled persons such as heart rate and body temperature; the device can also be used to trace the location of the disabled persons by GPS. Emergency center will collect that information and then broadcast to volunteers' smart-phones through the internet. After checking the condition of victims, volunteers make their own decision to help victims and inform the emergency center.
The centralized rescue model is presented which has three types of agent: volunteers, disabled people and route network. The route network is also considered as an agent because the condition of traffic in certain route can be changed when disaster occurs. The general rescue model is shown in Figure 1 . In simulation environment, we try to set up as close as possible to these above assumptions. Before starting simulation, every agent has to be connected to the emergency center in order to send and receive information. The types of data exchanged between agents and emergency center are listed as below.
II.
Message from agent A1: To request for connection to the emergency center A2: To acknowledge the connection A3: Inform the movement to another position A4: Inform the rescue action for victim A5: Inform the load action for victim A6: Inform the unload action for victim A7: Inform the inactive status Message from emergency center K1: To confirm the success of the connection K2: To confirm the failure of the connection K3: To send decisive information Before starting simulation, every agent will send the command A1 to request for connection to the emergency center. The emergency center will return the response with command K1 or K2 corresponding to the success or failure of connection respectively. If the connection is established, the agent will send the command A2 to acknowledge the connection. The initial process of simulation is shown in Figure  2 After the initial process, all the connected agents will receive the decisive information such as location of agents and health level via command K3; after that the rescue agents will make a decision of action and submit to the center using one of the commands from A3 to A7. At every cycle in the simulation, each rescue agent receives a command K3 as its own decisive information from the center, and then submits back an action command. The status of disaster space is sent to the viewer for visualization of simulation. The repeated steps of simulation are shown in 
A. Disaster Area Model
The disaster area is modeled as a collection of objects of Nodes, Buildings, Roads, and Humans. Each object has properties such as its positions, shape and is identified by a unique ID. From table1 to The topographical relations of objects are illustrated from Figure 4 to Figure 7 . The representative point is assigned to every object, and the distance between two objects is calculated from their representative points.
C. Task Allocation Model
The decision making of volunteers to help disabled persons can be treated as a task allocation problem [10] [11] [12] [13] [14] . The task allocation for rescue scenario is carried out by the central agents. The task of volunteers is to help disabled persons; this task has to be allocated as to which volunteers should help which disabled persons in order to maximize the number of survivals.
We utilize the combinatorial auction mechanism to solve this task allocation problem. At this model, the volunteers are the bidders; the disabled persons are the items; and the emergency center is the auctioneer. The distance and health level of disabled person are used as the cost for the bid. When the rescue process starts, emergency center creates a list of victims, sets the initial distance for victims, and broadcasts the information to all the volunteer agents. Only the volunteer agents whose distance to victims is less than the initial distance will help these victims. It means that each volunteer agent just help the victims within the initial distance instead of helping all the victims. The initial distance will help volunteers to reduce the number of task so that the decision making will be faster. The aim of this task allocation model is to minimize the evacuation time. It is equivalent to minimize the total cost to accomplish all tasks. In this case, the cost is the sum of distance from volunteers to victims and the health level of victims. The optimization problem is formed as follows.
Given the set of n volunteers as bidders: { } and set of m disabled persons considered as m tasks: { } . The distances from volunteers to disabled persons; distances among dsabled persons and health level of disabled persons are formulated as follow.
Let I is a collection of subsets of D. Let x j = 1 if the j th set in I is a winning bid and c j is the cost of that bid. Also, let if the set in I contains iD. The problem can then be stated as follows [15] : Science and Applications, Vol. 3, No. 7, 2012 99 | P a g e www.ijacsa.thesai.org
The constraint will make sure that each victim is helped by at most one volunteer.
To illustrate with an example of bid generation, let's assume that a volunteer A has information of 5 victims (d 1 This optimization problem can be solved by Heuristic Search method of Branch-on-items (Sandholm, 2002 ). This method is base on the question: "Which volunteer should this victim be assigned to?". The nodes of search tree are the bids. Each path in the search tree consists of a sequence of disjoint bids. At each node in the search tree, it expands the new node with the smallest index among the items that are still available, and do not include items that have already been used on the path. The solution is a path which has minimum cost in the search tree.
To illustrate with an example of a task allocation of volunteers to help disabled persons, let's assume that there are four volunteers and 3 disabled persons; The initial distance is set to 200 meter; At the time of simulation, distances from volunteers to disabled persons, the distance among disabled persons, and health level of disabled persons are assumed as follows.
For example, the volunteer can make three bids for victim { }, { } and { } based on initial distance. The cost for { } = Possible bids are listed as below. b1  v1  {d3}  350  b2  v2  {d1}  440  b3  v2  {d3}  400  b4  v2  {d1,d3}  850  b5  v3  {d2}  300  b6  v3  {d3}  450  b7  v4  {d1}  440  b8  v4  {d2}  270  b9  v4  {d1,d2}  740 The bid b 2 and b 7 have the same task {d 1 }; b 5 and b 8 have the same task {d 2 }; b 1 , b 3 and b 6 have the same task {d 3 }. The more expensive bids will be removed. b1  v1  {d3}  350  b2  v2  {d1,d3}  850  b3  v4  {d1}  440  b4  v4  {d2}  270  b5  v4  {d1,d2}  740 Then, the search tree is formed as below. 
V. TASKS ALLOCATION AND COST
Bid Volunteer Disabled person Cost
IV. EXPERIMENTAL RESULTS
In this section, we present experimental studies on different scenarios. The goal is to examine the proposed method of task allocation model for selecting disabled people to rescue. The evacuation time is evaluated from the time at which the first volunteer start moving until the time at which all alive victims arrive at the shelters. The simulation model is tested using the RoboCup platform with Morimoto Traffic Simulator [17] .
A. Experimental Settings
We consider the number of volunteers, number of disabled persons, and traffic density as parameters to examine the correlation between these parameters with rescue time. The sample GIS map consists of 5 layers: road, building, volunteer, disabled person and shelter. The red points and green points indicate the locations of disabled persons and locations of volunteers respectively. These locations are generated randomly along the roads. Blue buildings are shelters. The initial health level of disabled persons are generated randomly between 100 to 500. Every time step of simulation, these health levels decrease by 0.5. If the health level is equal to zero, the corresponding agent is considered as dead. The movements of volunteer agents are controlled by Morimoto Traffic Simulator.
B. Experimental results
With a fixed number of disabled persons and the number of volunteers increase, the correlation between number of volunteers and rescue time is shown as below. The number of volunteers and the number of disabled persons are fixed, whereas the number of vehicle increases. We test with the total length of road of 500 meters. The increasing number of vehicles will make traffic density higher. The correlation between number of vehicle and rescue time is shown as below. In this paper, the decision making of volunteers to help persons with disability is presented as task allocation problem. The disabled persons are considering as the tasks, and these tasks are allocated to volunteers by utilizing combinatorial auctions mechanism. At each time step of simulation, the task allocation problem is solved in order to assign appropriate tasks to volunteers. Although there are some previous works [13, 14] on applying combinatorial auctions to task allocation, our method has some differences in forming and solving problem; the volunteers only bid on disabled persons located within a certain distance and the health condition of disabled persons and the distance from volunteers to disabled persons are used as the cost of bids. The simple example of task allocation problem is presented to clarify the procedures of our method. The RoboCup rescue simulation platform is used to simulate the rescue process. The correlations between rescue time and other parameters such as number of volunteers, number of disabled persons and number of vehicles are also presented.
In future work, we are thinking of comparing the multicriteria decision making method with task allocation method in case of solving the decision making problem of volunteers to help disabled persons. 
